There is a concern that exclusive breast-feeding (EBF) for 6 mo may lead to iron and zinc deficiency in low-birth weight (LBW) infants. We assessed the association between duration of EBF and infant iron and zinc status in the Maternal and Infant Nutrition Interventions in Matlab trial, Bangladesh, stratified for normal birth weigh (NBW) and LBW. Duration of EBF was classified into EBF ,4 mo and EBF 4-6 mo based on monthly recalls of foods introduced to the infant. Blood samples collected at 6 mo were analyzed for plasma zinc (n = 1032), plasma ferritin (n = 1040), and hemoglobin (Hb) (n = 791). Infants EBF 4-6 mo had a higher mean plasma zinc concentration (9.9 6 2.3 mmol/L) than infants EBF ,4mo (9.5 6 2.0 mmol/L) (P , 0.01). This association was apparent in only the NBW strata and was not reflected in a lower prevalence of zinc deficiency. Duration of EBF was not associated with concentration of plasma ferritin, Hb concentration, or prevalence of iron deficiency or anemia in any strata. Regardless of EBF duration, the prevalence of zinc deficiency, iron deficiency, and anemia was high in infants in this population and strategies to prevent deficiency are needed. J. Nutr.
Introduction
Exclusive breast-feeding (EBF) 6 has numerous beneficial effects on infant health and is the recommended feeding mode for infants during the first 6 mo (1). Up to that age, the mean intake of breast milk is adequate to meet the requirements of energy and protein (2, 3) . The amount of iron and zinc in breast milk is generally regarded as sufficient to cover the increasing iron and zinc demands of most infants up to 6 mo of age. However, this is not well investigated where stores of iron and zinc may be compromised at birth, e.g. in infants with low birth weight (LBW) who are born with low stores of iron and zinc (4) . Even in infants with birth weight .2500 g, there is a higher risk for iron deficiency in the lower end of birth weights (5) . Whereas a higher risk for anemia with longer duration of EBF has been reported (6), higher concentrations of hemoglobin (Hb) in EBF infants than in infants receiving complementary foods have also been observed (7) .
Iron and zinc are important for growth and normal development of the infant. Iron deficiency in infancy is associated with delayed motor development and neurological damage (8) . Adequate zinc status in infancy is crucial for the development of a well-functioning immune system (9) . Due to the high prevalence of maternal micronutrient deficiencies, LBW, and diarrheal disease, infants in rural Bangladesh have a high risk for iron and zinc deficiency at 6 mo.
The randomized, community-based trial Maternal and Infant Nutrition Interventions in Matlab, (MINIMat; ISRCTN16581394) in Bangladesh provided an opportunity to assess infant iron and zinc status and breast-feeding practices in a context of high prevalence of maternal malnutrition and LBW. The aim of this analysis was to investigate the relation between duration of EBF and iron and zinc status in infancy.
Methods
Subjects. We used data from the MINIMat trial conducted in Matlab in rural Bangladesh, where community health research workers from the International Centre for Diarrheal Disease Research, Bangladesh (ICDDR,B) visit households monthly to collect health and demographic data. When ICDDR,B staff identified a pregnant woman and a test confirmed the pregnancy, they invited her to participate in the MINIMat study. Women who wanted to participate after being informed about the study gave their written consent. The ethical review board of ICDDR,B, Dhaka, Bangladesh approved of the study. Recruitment took place from November 2001 to October 2003. Women with gestational age ,14 wk were randomly allocated to promotion of starting a food supplement either early in pregnancy or to start at the time of her own choice. In addition, women were randomized to receiving 1 of 3 different daily micronutrient supplements: 1) 60 mg iron and 400 mg folic acid; 2) 30 mg iron and 400 mg folic acid; or 3) 30 mg iron, 400 mg folic acid, 15 mg zinc, and other vitamins and minerals (10) . Women were encouraged to take the micronutrient supplement daily during pregnancy and continue for 3 mo postpartum. Women with Hb ,80 g/L at the clinic visit at wk 14 of gestation (measured by HemoCue) were excluded from the study (n = 5) and referred to Matlab hospital. We will present the effect of maternal food and micronutrient supplementation on infant micronutrient status elsewhere.
Counseling on EBF. In a separate process, 3310 of the women in the MINIMat study were randomly allocated to either receive counseling on EBF or to receive a standard health message. Counselors received training with materials developed by the United Nations Children's Fund and WHO (11) that was modified to local traditions based on a previous intervention study (12) . The individual counseling included emotional and practical support to the lactating woman and her family members with the aim to increase EBF to 6 mo. Counselors visited women 2 times before delivery, 1 time just after delivery and again at 1, 2, 3, and 5 mo postpartum. The standard health message included information on EBF and was given by staff at postnatal clinic visits. We examined the association between duration of EBF and infant iron and zinc status, adjusting for allocation in the EBF intervention. The relevant question whether the EBF counseling intervention increased duration of EBF will be addressed in another publication.
Data collection. Trained interviewers used a structured questionnaire to collect socioeconomic and demographic information from the women at around wk 8 of gestation. As a measure of socioeconomic status (SES), the study team created a wealth index based on household assets (13, 14) . Mothers of infants with birth weight measured within 78 h weighing .1000 g were invited to the follow-up study and were interviewed monthly about what types of foods had been given to the infant. Interviewers probed for breast milk, plain water, fruit juice, other milks, other liquids, semisolids, solids, and vitamins and medicines. They also asked mothers to recall whether they had given a particular type of food in the first or second half of the month. If an interview was missed 1 mo, the interviewer asked for a recall since the last interview. Women were also asked monthly if the child had had diarrhea and if so during what days during the last week the symptoms had occurred.
Blood collection and analyses of micronutrient concentrations. At 6 mo after delivery, all women were encouraged to take their infants to a community health center for blood collection. Samples of 4.5 mL venous blood were taken from 1066 infants. Hb was measured by HemoCue at the time of sampling. Plasma samples were stored in Matlab at 2708C and shipped to the laboratory at the University of California, Davis. Plasma zinc concentration was analyzed by flame atomic absorption spectroscopy according to the method described by Clegg et al. (15) . Ferritin was analyzed by RIA (Diagnostic Products). C-reactive protein (CRP) was assessed by radial immunodiffusion (The Binding Site).
Definitions. We used the WHO definition of EBF (16) . We classified infants who had been given breast milk only or in combination with vitamins and medicines as EBF for each 15-d period up to the introduction of other foods. If a feeding interview was not conducted, information obtained in the next feeding interview was used for classification.
We created a variable that described duration of EBF in days based on the variables for each 15-d period. For the purpose of this study, we then categorized feeding practices into duration of EBF ,4 mo and duration of EBF 4-6 mo. A child weighing ,2500 g was classified as LBW and those with a birth weight $2500 g as normal birth weight (NBW). We defined infants with birth weight ,10 percentiles from the average birth weight for any given gestational age (based on maternal recall of last menstrual period) in a reference population (17) as small for gestational age (SGA). We used mothers' recall of unusually frequent and unusually loose stools to define diarrhea. We used tertiles of an asset score to define groups with different SES: lowest, middle, and highest. A cutoff of plasma zinc ,9.9 mmol/L was applied to define zinc deficiency (18) . We defined low iron stores as plasma ferritin ,9 mg/L (19), but we also performed analyses with the more established WHO cutoff ,12 mg/L (20) . We used the cutoff for anemia suggested by Domellö f et al. of Hb ,105 g/L (19) and the WHO definition of Hb ,110 g/L (20) to allow for comparison with other studies. A plasma CRP concentration of .10 mg/L was considered elevated.
Statistical methods. We compared characteristics between EBF duration groups using Student's t tests and Pearson chi-square tests. We evaluated differences in micronutrient concentrations between EBF duration categories in univariate general linear models. Furthermore, we applied multiple linear regressions to examine the relationship between duration of EBF in days as a continuous variable and micronutrient concentrations. To explore the associations between EBF duration categories and the prevalence of zinc deficiency, iron deficiency, and anemia, we used logistic regression models.
In all the regression models, we adjusted for allocation to EBF counseling, timing of maternal food supplement, and type of maternal micronutrient supplement. We also introduced the following variables to test for confounding: maternal age, maternal BMI, maternal anemia at wk 14, SES, maternal education, parity, sex of infant, SGA and weight, length, elevated CRP, and prevalence of diarrhea at 6 mo. These variables were retained in the final model if they changed a significant b estimate of EBF duration with .10%. Because plasma ferritin was not normally distributed, we used log-transformed values when evaluating associations with plasma ferritin. Data in the text are presented as means 6 SD or median (range). Tests were considered significant at P , 0.05. We conducted all analyses in SPSS (version 14.0) except for logistic regression, for which we used Stata statistical software (release 10; StataCorp).
Results
In the analysis of EBF duration and infant micronutrient status, we aimed for inclusion of all singleton infants with a birth weight measurement (n = 3267), because they were invited to the follow-up of infants (Fig. 1) . Most of the loss to follow-up between birth and 6 mo was due to migration out of the study area or because women could not be located for the interview despite several attempts. Blood samples were taken from 1066 infants at 6.0 6 0.2 mo. The main reason for not taking a blood sample was refusal by the mother. We regard not attending the clinic as passive refusal, because it was clear in the invitation at the home visit some days before that the main purpose of the clinic visit was to take a blood sample from the infant. When maternal variables such as age, parity, BMI, and SES were compared, only age differed slightly between women who allowed infants to have a blood sample taken (26.3 6 6.2 y) and those who did not (25.9 6 5.8 y) (P = 0.04). Characteristics of infants (prevalence of LBW and SGA, sex, weight, and length at 6 mo) who had their blood sample taken and those who did not did not differ. Due to some samples not being analyzed and exclusion of apparent outliers, the total sample included in statistical analyses was 1032 for plasma zinc and 1040 for plasma ferritin. Hb was assessed in the field and this practice was not in place at the start of the study. After excluding 2 potential measurement errors, 791 was the final sample for Hb.
A longer duration of EBF was associated with a lower level of formal education and belonging to lower SES strata and was more common when the index child was not the first child ( Table  1) . Other characteristics were similar in the EBF duration categories. The randomization groups of maternal micronutrient supplement and timing of food supplementation did not differ between the EBF duration categories. In our study sample, 94% (982/1041) of the women were interviewed at least 4 times about infant feeding practices and this did not differ between EBF duration categories. All infants in the study were given breast milk and ,1% (8/1041) were not breast-feeding at 6 mo. Moreover, 84% (873/1041) had ever been EBF and 7.0% (73/ 1041) were EBF for 180 d or more.
The plasma concentration of zinc was higher in infants EBF for 4-6 mo than in those with a shorter duration of EBF in both the total sample as well as in the strata of NBW infants ( Table 2) . Analysis with EBF duration as a continuous variable confirmed the small but significant association with infants' plasma zinc concentration. There was no association between duration of EBF as a continuous or categorical variable and concentrations of plasma ferritin or Hb. In LBW infants, there was no association between EBF duration categories and concentrations of plasma zinc, plasma ferritin, or Hb ( Table 2) .
Duration of EBF was not associated with the prevalence of zinc or iron deficiencies or anemia ( Table 3) . We also used the WHO cutoffs to define iron deficiency: plasma ferritin , 12 mg/L and anemia: Hb , 110 g/L. When we applied these cutoffs, 28% of infants were iron deficient and 67% were anemic. Among NBW infants, 23% were iron deficient and 64% were anemic. In the LBW strata, 39% of infants were iron deficient and 77% were anemic. There was no association between duration of EBF and iron deficiency or anemia when these were defined by WHO criteria in any of the strata.
Discussion
Infants EBF 4-6 mo had a higher mean plasma zinc concentration than infants EBF ,4 mo in the total study group and in NBW infants. This association did not appear in LBW infants nor was there any association with zinc deficiency in any of the strata. Duration of EBF was not associated with concentration of plasma ferritin, Hb concentration, risk for iron deficiency, or risk for anemia.
The positive association between a longer EBF duration and infant zinc status could be due to higher intake of zinc from breast milk than from other foods or reduced morbidity. Zinc intake from breast milk exceeded that from complementary foods in 6-to 8-mo-old infants in Matlab, but the total intake of zinc fell below one-half of the recommended intake for infants of that age (21) . The possibility that addition of complementary foods could reduce bioavailability of zinc from breast milk has been investigated (22) (23) (24) . Studies differ in method and type of foods introduced, making it difficult to draw a general conclusion. Similar to a study in Honduras (25) , plasma zinc concentration did not differ between EBF LBW infants and LBW infants receiving complementary foods. Although plasma zinc is often the best available biomarker for studying zinc status in children in low-income countries (26) , it is insensitive and the prevalence of zinc deficiency may be even higher than reported here. The fact that we did not observe a reduction in the high rates of zinc deficiency with a longer duration of EBF suggests a limited public health importance of the small increase in plasma zinc associated with a longer duration of EBF.
The outcome of a comparison of iron status of EBF infants with infants who received replacement foods depends on the iron content of these foods. Several studies, although different in design, indicate that a longer duration of EBF or predominant breast-feeding is associated with lower Hb concentrations (6, 27, 28) and anemia (6, 29) . Lower ferritin concentrations in exclusively (27) or predominantly (28) breast-fed infants than in infants receiving complementary foods has also been reported.
Complementary foods in Matlab are low in iron and zinc (21) and a national estimate for the consumption of infant formula that may be fortified is 2.8% in the first 2 mo of infancy and 16.0% in mo 4-5 (30) . This is likely to lead to a lower intake of iron from foods given in addition to breast milk in our study than in the studies in Honduras (25, 27) , where replacement foods were fortified, and in countries like the US (29) and Mexico (28) . Zambian infants born to anemic women who practiced EBF at 4 mo had higher Hb concentrations than infants who received other foods in addition to breast milk (7). The lack of agreement between our result and findings from these studies could be due to differences in socioeconomic conditions and infant feeding practices between the different study settings.
With a large database on maternal and infant health status, we were able to assess many of the possible confounders in the relation between the duration of EBF and infant iron and zinc status. Plasma ferritin increases and plasma zinc decreases as part of the acute-phase response. Therefore, prevalence of iron deficiency can be underestimated and zinc deficiency overestimated in the presence of infection or inflammation. In our study, the prevalence of elevated plasma CRP was similar in EBF duration categories and is thus unlikely to explain the results. We treated diarrhea at 6 mo as a possible confounder because of the probable direct effect of diarrhea on zinc status (31, 32) . Diarrhea at 6 mo can be an indicator of the likely impact of EBF on diarrhea prevalence (33) . Morbidity could impair zinc status through lower intakes and malabsorption during periods of infection and increased requirements due to direct losses and catching up with growth after illness. Most of the infants who were no longer EBF were predominantly breast-feeding, which is also protective against infections compared with partial and nonbreastfeeding (34) .
A strength of this study was the monthly assessment of feeding, which limited recall bias. This infant feeding assessment tool was validated with a stable-isotope technique and the classification of EBF was found accurate at the group level (35) . We did not collect information on whether infants were given iron or zinc supplements or fortified foods. Furthermore, we did not ask mothers to distinguish between medicines and vitamins in the recall and because medicines have a wide definition in this population, validity of these recalls are questionable. However, micronutrient supplementation of young infants was probably rare in this area, as formulations of micronutrient supplements aimed at children were not available on the market at the time of data collection.
Although we had data to determine the external validity of our findings, the generalizability was affected by the fact that this study was part of a maternal micronutrient supplementation trial. There were high rates of refusal of the infant blood samples, but because there were only small differences between women who allowed blood sampling and those who did not, the impact on external validity was probably low. The micronutrient intervention in MINIMat assured that all women in the study were given iron supplements of at least 30 mg iron/d during pregnancy and until 3 mo postpartum. Some women also received zinc. The concentrations of iron and zinc in breast milk are independent of maternal intake or status of iron and zinc (36) . Breast milk iron levels can be decreased in severely anemic women (37) . Whereas levels of iron and zinc in breast milk are unlikely to be affected by the supplementation, the iron and zinc status of infants at birth is expected to be higher in this population. It is possible that the impact of duration of EBF on iron and zinc status would be different in settings with no or low coverage of prenatal supplementation. The high rates of anemia, zinc deficiency, and iron deficiency imply that infants in our study population were at high risk for deficiencies even if EBF up to the recommended duration of 6 mo. Introduction of non-breastmilk foods, which were likely to be low in both iron and zinc, before 4-6 mo did not reduce the prevalence of anemia, iron deficiency, and zinc deficiency. We cannot determine from this study whether this would have been different with the introduction of higher quality complementary foods, fortified foods, or supplements before 6 mo of age.
Breast-feeding is widely practiced in Matlab and EBF should be encouraged to 6 mo. However, because duration of EBF explains only a small part of plasma zinc, plasma ferritin, and Hb concentrations at 6 mo, promotion of EBF is not sufficient to reduce the high rates of micronutrient deficiencies. Supplementation targeted at infants at risk is probably needed to reduce the prevalence of deficiencies in this population. It is reported that LBW infants receiving supplements together with EBF have adequate iron status (25) and iron supplements are recommended for all infants in this group (20) . There are many unresolved issues concerning supplementation of NBW infants with iron, as there are reports of reduced growth and increased morbidity when iron-replete children are supplemented with iron (38) . However, a recent study found no adverse effects of preventive iron supplementation in infancy (39) . Zinc supplements reduce mortality (40) and morbidity (41, 42) in LBW infants. Whereas there are recommendations for zinc supplementation therapy for diarrhea (43), we are not aware of any general recommendations on zinc supplementation for infants. Besides supplementation, measures to increase iron and zinc status at birth could, together with appropriate infant feeding, prevent deficiency of iron and zinc in infancy.
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